Summary Trends in breast cancer mortality among Swedish women were explored on the basis of all 51 048 deaths in women 30-89 years of age in Sweden during the period 1953-92. The age-standardised mortality rates were virtually unchanged during the observation period (with a mean of 32 deaths per 100 000 females and year), as were age-specific rates. In age-period-cohort analyses, age alone explained almost all of the variation in the rates. The effects of period and cohort were statistically significant, but very modest. Cohort effects seemed to explain more than period effects, and a weak downward trend starting with women born in 1883-92 was noted. A change in 1981 in the policy to classify the causes of death from the death certificates seemed to entail an artificial lowering of the mortality rates in women older than 75 years. It is concluded that breast cancer mortality in Sweden during the last 40 years has been remarkably stable, in spite of a substantial and constant increase in the incidence. This divergence between mortality and incidence reflects improved survival, which could in part be explained by earlier detection and more efficient treatment, or by an increasing occurrence of less aggressive tumours.
Breast cancer is a major public health problem in the world, by being the most frequent cancer and the most common cause of cancer deaths in women. In order to assess the impact of breast cancer and to get closer to understanding its aetiology, exploration of temporal variations in breast cancer mortality is important (Holford, 1991) .
Analyses of breast cancer mortality during the 1970s and 1980s have revealed the highest rates in Western Europe and the US and the lowest in East Asia. Age-specific rates show a slowing increase or even a decline among premenopausal women in the US and Nordic countries, while in Eastern Europe and East Asia rates are increasing in all age groups (Kohlmeier et al., 1990; Hoel et al., 1992) . Analyses of trend patterns imply that the most important explanations of changes may be linked to birth cohort effects (Tarone and Chu, 1992) , which would reflect the influence of early life exposures . As regards incidence of breast cancer, increasing rates have been found universally during the last three or four decades (Parkin and Nectoux, 1991) . In Western countries, markedly increasing trends have most importantly been explained by birth cohort effects (Hakulinen et al., 1986; Ewertz and Carstensen, 1988; Holford et al., 1991) . Notably, in several of these high-risk countries, the increase in breast cancer mortality has been small or absent (Ewertz and Carstensen, 1988; Holford et al., 1991) . We reported, on the basis of breast cancer incidence in Sweden 1958-88, a significant average annual increase by 1.3%, ranging in age groups from 0.9% to 3.0% (Persson et al., 1993) . These trends were explained best by birth cohort effects, with about a 3-fold increase in the incidence for women born in the 1950s relative to those born in the 1880s.
The If we assume Poisson variability of the number of deaths in each group, the variance of the log of the mortality rate is the inverse of the expected number of deaths. Thus, linear models for the log rates were fitted using weighted leastsquares regression with the observed number of deaths as weights. For the present type of data, this estimation method gives virtually the same estimates as the maximum likelihood (ML) method (Clayton and Schifflers, 1987a). The full age-period-cohort model contains all three factors, but submodels were also estimated, including the age-drift model. Drift is the linear effect of period and/or cohort on the logarithmic rates (Clayton and Schifflers, 1987a). We have 5-year coding of drift, so that it is equal within a 5-year period.
Results Figure 1 shows the development of age-specific and agestandardised rates (standardised using the direct method, and the mean population of women in Sweden in 1970 as standard). Overall, the age-standardised rates were remarkably stable during the observed period, with a mean of 31.5 (deaths per 100000 and year) and a standard deviation of 1.6. The rates were somewhat higher at the beginning of the 1960s and 1970s. A decline during the later part of the 1970s is followed by a stabilisation at a level slightly above 29 from the mid-1980s.
Simple trend analyses for different age groups, assuming a constant annual percentage change in death rates over the whole period, showed significant annual 0.4-0.5% reductions for the age groups 40-54 and 75-79 years. In a similar model, allowing for a change in the level of the death rates as a result of the coding change in 1981, a significant negative effect of this change was obtained for the age groups 75-89 years. The rates were estimated to be lowered by 12%, 19% (solid) 35-39 30-34 II 1950 35-39 30-34 II 1960 35-39 30-34 II 1970 35-39 30-34 II 1980 35-39 30-34 II 1990 Date of diagnosis Figure 1 Observed breast cancer mortality rates for selected 5 year age groups and age standardised to the Swedish population of women in 1970. Log scale on vertical axis. and 31% respectively, in the three age groups. More substantial changes in trend effects, compared with the models that did not account for the coding change, were obtained for age group 45-49 (an annual decrease of 0.8%) and for the two oldest age groups (annual increases of 0.6% and 1.2% respectively). In models without the coding change dummy, an assumption of a constant annual change in death rate did not represent the data correctly for many age groups. This was seen when a second-order trend term was added to the basic model. Strongly significant negative parameters were obtained for the second-order term for the four oldest age groups, reflecting a decrease in death rates towards the end of the observation period in the oldest age groups. Addition of the coding dummy to the second-order trend model produced a significant positive second-order term for the age group 40-44 and significant negative second-order terms for the age groups 55-59, 70-74, 80-84 and 85-89 . A significant effect of the coding dummy was only found for the oldest age group (implying a reduction by 22% as a result of the change in coding practice).
These results indicate that it is difficult to distinguish the effect of the change in coding practice from a possible nonlinear trend effect for the oldest age groups. However, an effect of the coding change seems to be clear at least in the oldest age group.
Figure 2 presents graphically the age-specific mortality rates for different birth cohorts. The curves overlap closely and there is no easily discernible pattern by birth cohort present.
In the age-period-cohort modelling, drift made a significant improvement on the model containing age alone. Adding period or cohort improved the age-drift model, thus indicating non-linear period and cohort effects. The full age-period-cohort model was a further improvement on either of these submodels. Age alone explained virtually all of the variation in the logarithmic rates (99.9%). The remaining variation, 0.1%, was reduced by 11% when period was added to the age model. Cohorts produced a reduction of 14%, and period plus cohorts 19%.
The age effects obtained from the different models are very similar, and well represented by Figure 2 . It is noted that the increase in mortality rates slow down from the age of 50 and during the subsequent 10-15 years of age. This corresponds to the so-called Clemmesen's hook, previously described for age-specific breast cancer incidence.
From the age-period model, mortality seems rather constant over the time periods (Figure 3 ). There is no marked pattern of variation and the relative risk estimates are very close to 1. For the period 1973-77, a slightly higher relative risk (5%) is noted as compared with the reference period 1953-57. The two last periods have significantly lower risk (6%) than the reference period, which could be explained to some extent by the change in coding practice in 1981.
Even though Figure 2 did not reveal a specific pattern, the age-cohort model manages to trace a weak downward trend starting with women born around 1888 (see Figure 4) Concerning the age-period-cohort modelling of trends, some methodological considerations are in order. In the full model, separation of the three effects age, period and cohort is impossible, owing to the fundamental identification problem in such models (Clayton and Schifflers, 1987b) . Only non-linear period and cohort effects can be estimated, while the linear effects cannot be separated. By introducing further assumptions, the identification problem can be solved (Holford, 1991) . Since a priori knowledge on which of the two variables, cohort or period, would provide the most convincing biological explanation does not exist, it was not possible information on which curve belongs to which cohort is less interesting and therefore not given. to specify restrictions in the full model that would have solved the identification problem. As the magnitude of the effects associated with period and cohort were small, we did not try to separate the effects by considering various assumptions. Instead, we report the effects of age, period and cohort from the respective submodels. Age-period-cohort modelling offers a considerable advantage over simple descriptive methods. With this approach, it is possible to test whether a significant improvement is obtained when period or cohort is added to a model containing age alone, and to quantify the effects. It can then be decided if the full age-period-cohort is an improvement on the age-period or the age-cohort model.
When interpreting these long-term trends, it is necessary to consider possible artefacts in the registration and coding of the data. A change in the coding practice made in 1981 could reduce the likelihood of breast cancer being registered as a cause of death. Our analyses indicate that the mortality rates could have been artificially lowered for at least age group 85-89, and probably from the age of 75 years. For these older women, other competing causes of death are important. The decrease in the mortality of post-menopausal breast cancer attributatble to the change in coding policy has been estimated by others to be about 5% (Kohlmeier et al., 1990) . This possibility also affects interpretation of the results from the age-period-cohort modelling. Thus, part of the lowered risk during the last two 5 year periods might be due to this change in coding practice. It is, however, difficult to judge whether an improvement in treatment, expected to benefit all age groups equally, also contributed.
Furthermore, declining autopsy rates -from some 40% in the 1970s to around 30% in the 1980s (Statistics Sweden, 1993) -might affect the number of ascertained breast cancer deaths. However, the proportion of all breast cancers found incidentally at autopsy has been low (below 1%) and has not changed since the mid-1970s (The Cancer Registry, 1980 , 1983 , 1989 .
Observations similar to ours, i.e. a constant increase in breast cancer incidence and an absence of a corresponding increase in mortality in the recent 30 year period, have been reported from other countries. Thus, a continuous increase in invasive breast cancer incidence in successive birth cohorts, and a declining or stable mortality in younger cohorts, was found by Holford et al. (1991) in the US during the period 1950-84. In the study by Ewertz and Carstensen (1988) , based on statistics from all of Denmark during the period 1943-82, incidence and mortality rates were increasing in parallel up to 1960. After this, the trends in incidence and mortality became different, with decreasing mortality among the oldest women. It is notable that in other countries, especially in Eastern Europe and East Asia, an increasing incidence appears to be accompanied by increasing mortality (Kohlmeier et al., 1990; Hoel et al., 1992 (Hoel et al., 1992) .
Our observations, along with those from the US and other Scandinavian countries, imply that survival after breast cancer has been improving over the last 30-40 years. In Sweden, 5 year survival in breast cancer patients has indeed become better, improving by 29% over a 19 year period (Adami et al., 1986) . The possibility for earlier detection is real, through increasing access to health care and awareness of health issues, and notably by the institution of mammography examinations. In Sweden, the use of mammography was infrequent in the 1970s and increased only gradually up to the late 1980s, when screening programmes in almost all of Sweden were launched.
Therefore, it seems difficult to explain the absence of mortality increase over the study period only by earlier detection. Another possibility is better survival due to surgical, radiological, adjuvant cytotoxic or hormonal treatment (Harris et al., 1992a; Sacks and Baum, 1993) . However, its impact is uncertain, since the increasing divergence between incidence and mortality has been ongoing for more than three decades. Other unknown influences on the natural course of breast cancers might be important, e.g. the occurrence of successively less aggressive tumours (Adami et al., 1986; Harris et al., 1992b) or an enhanced host defence against tumour cells. Considering the markedly varying patterns in incidence and mortality trends among countries, factors tied to influences of relatively short-term changes in lifestyle factors seem likely. With regard to the occurrence of breast cancer, nutritional factors, e.g. calorie or fat intake at an early age, have been proposed to be important aetiological factors (Trichopoulos, 1988; Harris et al., 1992b) . Whether lifestyle factors are important determinants of breast cancer survival is not known.
Our findings, however reassuring with regard to trends in breast cancer mortality, highlight urgent research issues, regarding both the aetiology and the biology of breast cancer.
